INTRODUCTION
Marking is an essential technique in the study of fisheries biology, ecology, and aquaculture and has been widely used in a number of studies on migration patterns, growth rates, and the survival of breeding stocks (e.g. McKenzie et al. 2012) . One of the most common marking methods is fin clipping, i.e. removal of a part of the fin. It is a non-lethal technique that requires minimal equipment, handling time, and training, and allows both marking and tissue sampling for population dynamics and genetic, pathological, and by human impact, and therefore all species in the genus are included in the IUCN Red List Categories and Criteria (IUCN 2013) .
In seahorses, fin clipping is broadly used to obtain tissues without exhibiting significant effects on their survival (Lourie 2003 , Pardo et al. 2007 ). Additionally, seahorses have a high capacity for fin regeneration in 1 to 2 mo (Planas et al. 2008) . Therefore, fin clipping may represent a useful, non-lethal sampling method to acquire seahorse tissues (Woodall et al. 2012) . These animals are weak swimmers, with ear-like pectoral fins utilised for steering and a small dorsal fin mainly used for propulsion. Because of the importance of the dorsal fin, it is hard to predict what effect the removal of a portion would have on swimming capability. Several papers describe the high capacity for fin regeneration and low or null mortality rate due to this procedure; nonetheless, it could have effects on growth and survival rates (e.g. Murray & Fuller 2000) . However, most of the available data on fin clipping in seahorses were collected from captive animals, and the postoperative recovery was followed in aquaria, tanks, or mesocosms (Valladares & Planas 2012) . Thus, the fate of fin-clipped individuals in the natural environment is largely unknown and very difficult to assess.
In this context, skin filament clipping may be a nondetrimental alternative to fin-clipping; in fact several species of seahorses, including H. guttulatus, have thick skin filaments extending from spines on the head, superior trunk ridges, and neck that can be lost and then regenerated (Lourie et al. 2004) and are also capable of pattern-changing to blend in with the environment. The presence of skin filaments does not seem related to sex, size, life history stage, or reproductive status (Curtis & Vincent 2006) . Removal of these appendages to perform genetic analysis was described by Planas et al. (2008) , but no detailed histological information about the recovery of fleshy filaments was reported. Furthermore, nothing is known about behavioural effects following filament clipping.
In the present study, we address the regeneration pattern after clipping of fleshy filaments using histological and histochemical techniques and examine possible alteration of behavioural sequences in the long-snouted seahorse H. guttulatus.
MATERIALS AND METHODS

Collection and housing of animals
A total of 36 adult individuals (15 males and 21 females) of Hippocampus guttulatus were randomly hand collected in the Mar Piccolo of Taranto (Apulia, Italy) in November 2015 at a mean depth of 0.5 m. The collecting site was at Buffoluto, in a habitat characterised by an artificial hard substrate covered with brown algae (for more details, see Gristina et al. 2015 Gristina et al. , 2017 . All individuals were selected by appearance to ensure they possessed skin filaments and exhibited no external lesions or signs of unhealthy condition. These were sexed, weighed to the nearest 0.1 g, measured for standard length (SL) to the nearest mm, and then transferred to 1 of the 3 acclimatisation tanks (provided with 500 l of natural seawater and artificial holdfasts to normalise behaviour at 21.5 ± 0.7°C) in the laboratory of the University of Bari. None of the sampled males showed external signs of pregnancy. Throughout the experiment, the seahorses were fed 3 times a day with live (Gammarus aequicauda) and frozen (Artemia salina) food and housed under the natural photoperiod.
Fleshy skin filament clipping procedure
During the first 4 d after collection, individuals were acclimatised to the artificial conditions, and experimental investigations started when individuals began to feed regularly. Twenty-four individuals underwent the skin filament clipping procedure. Of these, 12 were used in the behavioural tests (Group 1), and 12 were used for the histological analysis of regrowth (Group 2). Twelve individuals with uncut filaments were considered as a control. To minimise the stress of clipping, the specimens were placed in small batches with a dilute clove oil solution (30 mg l −1 ) for 4 min (Kroon 2015) . Subsequently, the fleshy skin filament clipping procedure was carried out as follows: the operator, wearing aseptic gloves, held the seahorse with one hand and, using a toenail clipper, cut 3 to 4 mm of the skin filaments. The cut filament portions were rapidly fixed in 10% neutral buffered formalin for histological purposes.
After the cut (Fig. 1) , to minimise behavioural differences, both clipped and control individuals were held in separate tanks (under the same conditions: 70 l of natural seawater at 21.8 ± 0.4°C) and monitored daily for signs of disease and healing for a total of 10 wk.
Behavioural patterns
Experiments started in the last week of November 2015. Behavioural patterns (Aurelio et al. 2013) were analysed for 24 individuals (12 control and 12 clipped). Observations were carried out for 10 wk (November 2015 to January 2016). After the skin filament clipping, for the next 10 wk, a 60 min observation per week (30 min after 2 of the 3 feedings) was performed to assess any behavioural differences between the 2 treatments (control and clipped). To avoid interference due to the observer's presence, the behavioural observations were carried out by placing a black panel with small round holes in front of the aquaria. The behaviours of H. guttulatus were quantified as follows: (1) swimming (seahorse swims actively, moving the dorsal and pectoral fin); (2) resting (seahorse attached or unattached to the holdfast, remaining motionless over the substrate); (3) searching (seahorse tilts the body towards the aquarium floor in search of food); and (4) swinging (seahorse remains attached to the holdfast, with slight movements of the head or body). Behavioural patterns were expressed as a percentage of the time spent for each of these activities during the observation period.
Two-way distance-based permutational ANOVA (Anderson 2001) was performed to detect significant behavioural differences between clipped and control animals. This analysis, in which the F-statistics are calculated but p-values are obtained by permutation, was performed rather than traditional univariate ANOVA, as it avoids any assumptions about the nature of the distribution of the original variables (Anderson 2001 , Anderson & ter Braak 2003 . A 2-way design was conducted, in which Treatment (Tr) was treated as a fixed factor with 2 levels (clipped and control) and Week (We) as a fixed and orthogonal factor with 10 levels (Week 1, Week 2, … Week 10). Twenty-four replicates were collected for each combination of the factors. All analysis was based on the Euclidean distances in the original raw data, with all p-values obtained using 9999 permutations of the appropriate exchangeable units (Anderson & ter Braak 2003) . Significant terms in the full model were examined individually using appropriate a posteriori pairwise t-test comparisons, also conducted by permutations (Anderson 2001). The software applications PRIMER 6.1.10 and PERMANOVA+ b20 (www.primer-e.com) were used to perform all procedures.
Macroscopic assessment of regrowth
To assess skin filament regrowth, 12 specimens with clipped skin filaments (Group 1) were monitored weekly and photographed with a Samsung WP100 camera. The pictures were taken laterally to get a better shot of the cut filament edge. Photos were later analysed to determine the weekly percentage of regrowth (in length) using the tpsDig2 1.11 program. After the trials, all fish were released into the wild, approximately at the site of their capture.
Histology
For the microscopic analysis of regeneration patterns, the filaments from the first cut were compared with the regrown filaments from 4 individuals reclipped after 3, 5, and 7 wk (Group 2). The filaments were fixed in 10% neutral buffered formalin, dehydrated in a graded series of ethanol, and then embedded in paraffin wax. Sections were serially cut at 5 µm. The general morphology of tissues in the proximal area of the filament (i.e. near the cut) was assessed using Mallory's trichrome stain, whereas general and acidic glycans were detected using periodic acid-Schiff (PAS) and alcian blue (AB) pH 2.5 staining techniques, respectively (e.g. Scillitani et al. 2011 Scillitani et al. , 2012 . PAS staining experiments were also performed after a treatment with diastase to assess the presence of glycogen (Lillie & Greco 1947) . All the chemicals used are products of Sigma. Images were captured with a Nikon Eclipse 600 photomicroscope equipped with a Nikon DMX 1200 camera (Nikon Instruments, SpA). Staining in each experiment was assessed by at least 2 independent observers. 
RESULTS
The SL of the sampled animals was (mean ± SD) 9.48 ± 0.28 cm (min. 8.00, max. 11.00) in females and 9.62 ± 0.41 cm (min. 7.80, max. 11.70) in males, while average weight was 3.32 ± 0.9 g (min. 2.04, max. 4.82) in females and 3.43 ± 1.08 g (min. 2.01, max. 5.48) in males. No mortality occurred during the trial period.
Behavioural patterns
After the skin filament clipping procedure, individuals did not show any apparent symptoms of stress. The general behavioural patterns significantly changed during the trial period (10 wk) for both treatments, which considered Tr × We (2-way ANOVA; pseudo-F 9, 220 = 3.14, p < 0.0001) ( Table 1 ).
In the first 3 wk, active be haviours of both clipped and control individuals increased, reaching more than 45% of the monitored time. After Week 4, we were able to observe a change in the general behavioural pattern, with an increase in swinging and resting behaviour. In the last 3 wk (Weeks 8 to 10), this type of behaviour was more than 70% of the activities performed by the individuals under scrutiny (Fig. 2) .
Pairwise t-tests performed for the interaction term Tr × We showed significant differences only in the first 2 wk of monitoring (p < 0.001; Table 1), while in the following weeks, this test revealed non-significant differences in the behavioural pattern of clipped and control animals (p > 0.1) ( Table 1) .
Macroscopic assessment of regrowth
Photographic monitoring (Fig. 3) , performed to assess regrowth of skin filaments, showed a mean weekly regrowth rate of (mean ± SD) 3.37 ± 1.27%, which, after 10 wk of observations, represented around 37.6 ± 3.36%) of the skin filament clipped portion. No differences were observed between sexes.
Histology
The integument of filaments from the first cut presented an epidermis consisting of 2 cell layers (Fig. 4A) . Epithelial cells were cuboid in shape, with a euchromatic nucleus and an evident nucleolus. The apical surface of the outer cells was ornamented with microridges ( Fig. 4A) . Interspersed among the epithelial cells were flame cone cells, with their apical parts protruding from the surface (Fig. 4A) ; club cells with unstained contents (Fig. 4A) ; and a few melanophores (Fig. 4I ). Epithelial and flame cone cells were faintly stained with PAS (Fig. 4B) . No multicellular receptors, such as taste buds, were observed. The epithelial cells of the basal layer were separated from the underlying dermis by a basement membrane, which was stained blue with both AB pH 2.5 (Fig. 4C ) and Mallory's trichrome (Fig. 4A ) and red with PAS (Fig. 4B) . The dermis consisted of a dense connective tissue in which the branches of the underlying melanophores insinuated, dividing it into a series of bundles of densely packed fibres running parallel to the integument surface (Fig. 4A) . The melanophores formed a layer interposed between the dermis and the hypodermis, which, at some points, was crossed by the bundles of connective fibres fastening the dermis to the hypodermis. The hypodermis was made of a loose areolar connec- tive tissue with large lacunae surrounded by bundles of connective fibres without a precise orientation (Fig. 4A) . In the hypodermis, sparse fibrocytes, melano phores, and small blood vessels were detected (Fig. 4A,C) . No scales were observed. Both the dermis and the hypodermis were stained faintly with PAS ( Fig. 4B ) and strongly with both Mallory's trichrome and AB pH 2.5 (Fig. 4A,C) . Three weeks after clipping, the regenerating filament appeared entirely reconstituted, with cells arranged in 2 to 5 layers (Fig. 4D) . The cells in the basal layer were partially filled with a strongly PASpositive material that disappeared after diastase pretreatment (Fig. 4E) . Flame cone cells and club cells were also observed (Fig. 4E) . The basement membrane was reconstituted as well and stained intensely with PAS (Fig. 4E) . In the dermis, the fibres were arranged more irregularly than previously, so the parallel bundles were not evident (Fig. 4D) . A few melanophores appeared and showed an ovular rather than a branched shape (Fig. 4D,E,F) . In the hypodermis, the connective fibres appeared more abundant but less densely packed than previously, and some of them ran towards the dermis (Fig. 4D ). Blood vessels appeared entirely reconstituted. Five weeks after clipping, in the epidermis, the epidermal cells of a basal layer still had a PAS-positive cytoplasm that became PAS negative after diastase treatment (Fig. 4H) . The dermis layer was more well defined, with the presence of bundles that had become more densely packed (Fig. 4G) . Melanophores increased in number in the underlying layer, and their shape changed from ovular to branched (Fig. 4G) . In the hypodermis, the bundles of connective fibres appeared more densely packed (Fig. 4G) . Seven wk after clipping, morphology and histochemical staining of the filament were very similar to the original condition (not shown). No differences were observed between sexes.
DISCUSSION
As already suggested by Lourie et al. (2004) , skin filaments seem to be plastic appendages that may change colour and regrow in a short period and may assume a different shape from the original. The present study demonstrated no significant consequences to Hippocampus guttulatus after skin filament clipping. After 10 wk, the regeneration of skin filaments was about 37.6%, which appears lower than that observed for the regrowth of the dorsal fin by Planas et al. (2008) for H. guttulatus and by Woodall et al. (2012) for H. kuda (4 to 6 wk).
Behavioural patterns
H. guttulatus individuals subjected to the tank conditions showed a significant change in behaviour during the 10 wk of the trial (Table 1) . At the beginning of the trial, all monitored individuals exhibited Data are mean ± SD intense swimming activity and were looking for prey more than 50% of the time. After the third week of observation, the general behavioural pattern of both treatments (clipped and control) changed, and animals preferred to remain sedentary, attached to the holdfast and resting or swinging. In this phase, the activity patterns of H. guttulatus were similar to those observed by Aurelio et al. (2013) in the same species from the Atlantic coast of Portugal. These authors found that the animals maintained the same relative activity times despite changing water temperatures. The cutting of the skin filament in our sample apparently affected the activity patterns in only the first 2 wk; afterwards, the animals recovered, and their ethograms returned to patterns similar to those of the controls.
Histology
Literature data about the microscopic anatomy of the skin of seahorses are scarce (Linton & Soloff 1964 , Bereiter-Hahn et al. 1980 , Zaccone & Licata 1982 , Carcupino et al. 2002 , Oconer et al. 2003 , and many deal with the skin of the breeding pouch of males. Linton & Soloff (1964) found PAS-reactive material in the basal epithelial cells of the pouch in the nonbreeding condition and interpreted it as glycogen. The PAS negativity following diastase pretreatment in our experiments confirms that the epithelial basal cells contain glycogen, probably required for the increased metabolic activities linked to growth and division. The euchromatic nuclei also denote an active proliferation, and therefore it is not surprising that the complete recovery of epithelium in our samples was faster than that of the underlying connective tissue. Besides, in the course of wound healing, epidermal cells move towards the injured areas as compact groups, without losing the normal intercellular junctions (Iger & Abraham 1990) , so that the general morphology of the epithelium is not altered in the process. The flame cone cells also showed a similar rate of regeneration. These cells are named for their peculiar shape and are unique to Hippocampus species (Bereiter-Hahn et al. 1980) . Both epithelial and flame cone cells secrete mucins (Zaccone & Licata 1982) . The mucus cap produced by the latter has the function of maintaining the proliferation of epiphytes and increase the density of the skin's extra-cellular matrix (Bereiter-Hahn et al. 1980) . Secretion is difficult to see with standard histochemical techniques like those we used, since it appears as a very thin layer at the surface of cells (Bereiter-Hahn et al. 1980) . The function of club cells is obscure (Chivers et al. 2007 ). Ralphs & Benjamin (1992) hypothesised that these cells have a role in wound healing, although we did not notice any change in their number during the process of regeneration. The dermis exhibits parallel bundles of fibres that have a role in supporting filaments, since no scales are present. A similar arrangement is seen in nakedskin species, such as a number of catfishes (Le Guellec et al. 2004 ). The branched arrangement of me lano phores in the dermis probably allows the translocation of melanosomes throughout the cells in the process of physiological colour change (e.g. Nilsson Sköld et al. 2013) . Recovery of the dermis and hypodermis to the original condition required a longer time compared to the epidermis, since the reorganisation of cells and fibres is more complex than that of the epithelium (Iger & Abraham 1990) . Fibroblasts first exhibit phagocytic activity to remove debris from the wounded area and only subsequently start the secretion of collagen fibres (Iger & Abraham 1990 ). These in turn are arranged in bundles following the reorganisation of the connective tissues. Melano phores are known to have both regenerating and migrating properties in wound healing. When these cells migrate, they have an ovoidal shape and exhibit amoeboid movements (e.g. Takahashi & Kondo 2008) . We can hypothesise that the ovoid melano phores we observed in the regenerating filament were migrating from other areas and that they subsequently returned to the branched shape after the reorganisation of the bundles of fibres. On the basis of our observations, the filament does not seem to have a particularly important function in protection or sensation, and the area of the cut regenerates fully after about 7 wk.
Although the findings of several laboratories support fin clipping as a safe and efficient method for marking and tissue sampling, it may have adverse effects on a variety of behaviours, including swimming performance, prey capture, and predator avoidance (e.g. see the review of Eriksen et al. 2011) .
For small endangered fish taxa, especially seahorses, it has been demonstrated that the fin-clipping method has some drawbacks compared to fleshy skin filament clipping because seahorses (and other fishes) usually contract their fin over the body during handling, thus requiring longer manipulation times (Planas et al. 2008 ). Unlike fin clipping, which cuts both skin and fin rays, skin filament clipping allows cutting epidermal and non-ossified dermal tissues exclusively, potentially reducing the pain induced (since no evident sensorial structures are present), the effects on swimming performance, and the regeneration time (Morgan & Bull 2005) . Ideal laboratory conditions may positively affect the survival and swimming performance of fishes that have been subjected to fin clipping, although the risk of infection is low after this procedure (Woodall et al. 2012) . Additional histological and behavioural studies on the effects of skin filament clipping in small fishes with high camouflage capacity should be conducted in the field to evaluate survival under natural conditions.
